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(57) Abstract: The invention relates to an electrical installation comprising al least one generator and at least one braking n^sistor 

The brakmg resistor ,s adapted to damp po^vcr oscillations of the power system and/or to prevent out-of-phase situations. Accordine 

to the invention, the brakmg resistor is in the form of a device arranged in the installation for a different purpose and suited for 

power consumption, i he invention also relates to a microprocessor and a computer program product for use in such an installation 

fhe inT "7^^"" ;f ^ -^^h-^ ^--Ping Po^-r oscillations in which, accorxling to the invention, a device arranged in 

' It H F " P"^^' ^"'^^^ P^^«^ consumption, is used as a braking resistor. The invention also relates to 

a method tor rebuilding a power plant. 
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Power plant with means for damping power oscillations 



FIELD OF THE INVENTION 



From a first aspect, the present invention relates to an 
electric power plant comprising at least one generator and 
at least one braking resistor adapted to damp power oscilla- 
tions of the generator and/or to prevent out-of -phase 
situations . 

From a second aspect, the invention relates to a micropro- 
cessor designed for use in such an electric plant. 

From a third aspect, the invention relates to a computer 
program product for use in a microprocessor according to the 
second aspect of the invention. 

From a fourth aspect, the invention relates to a method for 
damping power oscillations in an electric power plant com- 
prising at least one generator and/or for preventing out-of - 
phase situations in such a plant, and in which method the 
power oscillations are damped with a braking resistor. 

From a fifth aspect, the invention relates to a method for 
rebuilding an electric plant comprising at least one elec- 
tric generator and a device suited for power consumption. 

The electric power plant may be a hydroelectric generating 
station, a thermal-electric power plant, or some other 
electric power plant. 

By a device suited for power consultation is meant in the 
present patent application, on the one hand, a device in 
which electric power is consumed for utilization for a 
definite purpose and where the installation is normally 
equipped with such a power-consuming device adapted for this 
particular purpose, for example an electrically-heated ice 
gate as described in the following, and, on the other hand, 
a device present in the installation for a specific purpose 
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and which is not normally power-consuming but which may be 
made connectible for power consumption, for example a simple 
intake screen at the inlet of a turbo installation or a 
cooling water installation. 

BACKGROUND OF THE INVENTION 

In the production of electric power in an electric power 
plant, out-of -phase situations and undesired power oscilla- 
tions may arise in the power system of the plant, such as 
generators. Such power oscillations manifest themselves in 
that the rotor alternately rotates faster and slower than 
what corresponds to the frequency of the power system to 
which the generator is connected. The period of the oscilla- 
tions varies substantially within the range 0.2 to 4 sec- 
onds. Oscillations with a growing amplitude usually lead to 
tripping of a relay protection device within some twenty or 
thirty seconds, or so, whereas undanped or slightly damped 
oscillations may remain for a longer period of time. The 
amplitude of the oscillations is usually a question of some 
twenty or thirty per cent, or so, of the load on a line or a 
generator. Power oscillations and out-of -phase situations 
may arise spontaneously or as a result of a fault and a dis- 
connection in the power system to which the plant is connec- 
ted. 

It is desirable to ensure that such power oscillations and 
out-of-phase situations be damped/prevented. Various devices 
and measures, respectively, are previously known to attain 
this. Thus, it is previously known to provide the generators 
with damping windings. Further, it is known to use power 
system stabilizers (PSS) that usually feed back the power of 
the generator terminals to the voltage control on the machi- 
ne. Further, it is previously known to achieve the damping 
by influencing the turbine control. However, the methods 
described have their disadvantages and limitations. The ca- 
pacity in the voltage feeder often limits the power of the 
power system stabilizer, and the utilization of the turbine 
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control may be hazardous since this may lead to effects on 
the steam/water side that are difficult to handle. 

Another previously known method is to utilize thyris tor- 
switched braking resistors that are connected and discon- 
nected in such a way that the power oscillations in the 
station are damped. This is an efficient method where the 
disadvantages of the previously known devices described 
above are eliminated. In addition, braking resistors are 
robust and may be applied not only at unit level but also at 
station level. 



US 5,198,745 describes an example of power damping with the 
aid of a braking resistor. The document describes a dynamic 
braking system resistor to stabilize a power system during 
power system disturbances and comprises a braking system for 
connection to a line in the power system. A control unit 
senses a power-system parameter, such as the speed of a ge- 
nerator in the system, which is determining for the control 
signal to a thyristor. The control unit utilizes the power- 
system parameter to establish a desired modulation and 
exerts an influence in accordance with the desired modula- 
tion. The control unit processes the influenced desired mo- 
dulation signal to produce the control signal to the thyris- 
tor. A thyristor valve connects the braking resistor in de- 
pendence on the control signal of the thyristor. 

Although the utilization of braking resistors as dampers of 
power oscillations is efficient and appropriate, certain 
disadvantages are connected therewith. Above all, it is an 
expensive and space-demanding solution. A special component, 
the braking resistor, is added and the plant must be provi- 
ded with connection means thereto. 



In the light of what has been stated above, the object of 
the present invention is to bring about damping of power 
oscillations and/or to prevent out-of-phase situations while 
utilizing a braking resistor but where the above-mentioned 
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disadvantages with respect to high costs and bulky extra 
equipment are eliminated. 



SUMMARY OF THE INVENTION 

From the first aspect of the invention, the object set up is 
achieved in that an electric power plant of the kind descri- 
bed in the preamble to claim 1 exhibits the special feature 
that the braking resistor is in the form of a device which is 
also designed for a different purpose in the plant and which 
is suited for power consumption. 

Thus, the term braking resistor in this context does not mean 
a dedicated device that is only used as a braking resistor, 
but a device that already exists in the plant for a different 
purpose and that may be used as a braking resistor. Because a 
device that already exists in the plant and that is suited 
for power consumption is utilized, damping with the aid of a 
braking resistor may be achieved without any extra cost for a 
special device of such a kind and without significant extra 
costs for its connection, especially when the device is of a 
kind that normally receives its electricity supply from the 
plant and thus is connected thereto. 

Thus, a simple, robust and inexpensive braking resistor is 
achieved, which at the same time may be utilized, in a tech- 
nically, effective and appropriate way, for damping power os- 
cillations or preventing out-of -phase situations. 

According to a preferred embodiment of the invented power 
plant, the device suited for power consumption constitutes a 
common braking resistor for a plurality of generators in the 
plant. In this way, the possibility of applying the braking 
resistor at station level, instead of at unit level only, is 
made use of, which leads to a less expensive design in this 
respect . 



According to another preferred embodiment, the device sui 
for power consumption is connected to the power system by 
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means of a first line provided with a switch and a second 
line, parallel to the first line, provided with a thyristor. 
This provides an effective possibility of controlling the 
connection of the deyice suited for power consumption in 
dependence on when it has to be utilized as a braking re- 
sistor. 

According to a further preferred embodiment, thyristors are 
arranged, when the switch is open, to control the current 
supply to the device suited for power consumption. Hence, the 
power consumption of the braking resistor may be directly 
adapted to the power oscillations of the generator in an 
appropriate manner. To achieve the above-mentioned control, 
it is advantageous for the thyristor to be triac-connected. 
15 Therefore, this constitutes another preferred embodiment of 
the invention. 

According to still another preferred embodiment of the in- 
vention, the plant comprises a microprocessor that is adapted 
to receive input signals indicative of power oscillations of 
the generator. Further, the microprocessor is adapted to de- 
liver control signals to the thyristor in dependence on these 
input signals. The microprocessor has a program with an algo- 
rithm for this control. 
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Because the thyristor control is based on a programmed algo- 
rithm in this way, it is ensured that the power supply to the 
braking resistor is adequate in magnitude and timing such 
that the damping is optimally adapte^d to the need. 

Suitably, the microprocessor is also adapted to provide con- 
trol signals for opening and closing the switch. This, there- 
fore, constitutes a further preferred embodiment of the in- 
vention . 

According to yet another preferred embodiment of the inven- 
tion, the device suited for power consimption is in the form 
of an intake gate or an ice gate. The intake gate or ice gate 
may, for example, be an electrically-heated ice gate of the 
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kind that normally occurs in hydroelectric plants, or a com- 
mon intake screen that is normally not power-consuming but 
that may be provided with connection means enabling connec- 
tion for power consumption. The utilization of an intake gate 
as a braking resistor has the advantage that this is a compo- 
nent that generally occurs in power plants and that is well 
suited as a braking resistor. 

From the second aspect of the invention, the object set up is 
achieved in that a microprocessor is provided that is desig- 
ned to be used in the invented electric plant. The micropro- 
cessor thus comprises a signal-receiving member adapted to 
receive input signals that are indicative of power oscilla- 
tions of the power system. The microprocessor is adapted to 
deliver control signals to a thyristor and has a program with 
an algorithm for this control. The algorithm comprises in- 
structions as to how the thyristor, in dependence on the in- 
put signals, delivers current to a device suited for power 
consumption. 



The invented microprocessor makes it possible to implement 
the preferred embodiment of the invented plant which includes 
a microprocessor and which has been described above. Thus, 
the invented microprocessor entails the advantages that are 
25 associated with this embodiment of the plant. 

From the third aspect of the invention, the object set up is 
achieved in that a computer program product for use in the 
invented microprocessor is provided. This results in the ad- 
vantages that are associated with the utilization of such a 
microprocessor in a plant of the invented kind. 

From a fourth aspect of the invention, the object set up is 
achieved in that a method of the kind described in the pream- 
35 ble to claim 11 comprises using a device, adapted for a dif- 
ferent purpose in the plant and suited for power consm,«>tion, 
as a braking resistor. 
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By this method, advantages are achieved of a kind corre- 
sponding to those described above concerning the invented 
plant . 

Preferred embodiments of the invented method coinprise mea- 
sures of a kind corresponding to what may be achieved with 
the preferred embodiments of the invented plant described 
above. The preferred embodiments of the invented method en- 
tail advantages of a kind corresponding to those described 
above concerning the preferred embodiments of the invented 
plant . 

From the fifth aspect of the invention, the object set up is 
attained in that a method for rebuilding a power plant of the 
kind described in the preamble to claims 19 comprises connec- 
ting the device suited for power consumption to the power 
system close to the power station in such a way that the de- 
vice suited for power consumption functions as a braking, re- 
sistor for the generator. This method entails rebuilding the 
plant, using small means and limited efforts, such that it 
will have a design of the same kind as the invented plant. 
This results in advantages of a kind corresponding to those 
described above. 

In preferred embodiments of the invented method for re- 
building, the method is carried out in such a way that the 
plant will have a design corresponding to that of any of the 
preferred embodiments of the invented power plant, thus gain- 
ing the advantages associated with these embodiments and 
described above. 

The invention will be described in greater detail in connec- 
tion with the following detailed description of advantageous 
embodiments of the invention and with reference to the accom- 
panying figures. 
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BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a diagram of an embodiment of an electric plant 
according to the invention. 

DESCRIPTION OP A PREFERRED EMBODIMENT OF THE INVENTION 

Figure 1 shows a diagram for an electric power plant accor- 
ding to one embodiment of the invention. The shown plant may, 
for example, be a hydroelectric generating plant. The power 
system of the plant, in the form of generators 6, 7, is con- 
nected via a transformer 1 to an ice gate 3. An ice gate of 
this kind is normally connected to a generator in a hydro- 
electric generating plant, via a switch 2. The ice gate is 
heated by current from the generators 6, 7 and its power is 
typically about 1 % of the rated power of the plant. In 
accordance with the invention, a triac-connected thyristor 4 
is connected in parallel with the switch 2. In the figure, 
the branch line with the thyristor 4 is connected to a cross 
iron 5 of the ice gate, but may alternatively be connected to 
its ordinary connection. 

A microprocessor 9 is arranged in the plant. This is connec- 
ted by means of the signalling circuit 10, 11 to each of the 
generators 6, 7 for receiving input signals therefrom. 
Further, the signalling circuits 12, 13 are arranged for 
connection of the microprocessor 9 to the thyristor 12 and 
the switch 2. The signalling circuits 12, 13 transmit control 
signals from the microprocessor to the thyristor 4 and to the 
switch 2. The microprocessor comprises a computer program 
with an algorithm that determines the control signals in de- 
pendence on the input signals. 

Numeral 8 denotes the feeder from the plant, when a fault 
occurs somewhere in the power system to which the feeder de- 
livers current, power oscillations and/or out -of -phase situa- 
tions may arise in the generators 6, 7, 
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This manifests itself in the rotor of a generator starting to 
rotate at a varying speed. 

These power oscillations of one or more of the generators 6, 
7 are sensed and signals indicating these oscillations are 
transmitted to the microprocessor 9. When an oscillation 
arises, a signal from the microprocessor controls the switch 
2 to open such that the current supply to the ice gate 3 in- 
stead occurs through the line provided with the thyristor 4. 
A second control signal from the microprocessor 9 controls 
the thyristor such that the power that is delivered to the 
ice gate 3 is controlled in dependence on the power oscilla- 
tion in the generators 6, 7. 

The ice gate 3 will thus function as a braking resistor and 
damp the power oscillations in the generators. 

in another embodiment, the ice gate 3 has been replaced by an 
ordinary intake screen, provided with connection means for 
connection to the transformer 1 and the thyristor 4. 
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CLAIMS 

1. An electric power plant comprising at least one generator 
(6, 7), a feeder (8) connected to the generator (6, 7) for 
supply of current/ delivered by the generator (6, 7), to an 
electric power system, and at least one braking resistor (3) 
adapted to damp power oscillations of the generator and/or to 
prevent out-of -phase situations, characterized in that the 
braking resistor (3) consists of a device (3) adapted for a 
different purpose in the plant and suited for power consump- 
tion. 



2. An electric power plant according to claim 1, 
characterized in that the device (3) suited for'power con- 
sumption constitutes a common braking resistor for a plura- 
lity of generators (6, 7). 

3. An electric power plant according to claim 1 or 2, 
characterized in that the device (3) suited for power con- 
sumption is connected to the power plant by means of a line 
provided with a thyristor (4) . 

4. An electric power plant according to claim 3, 
characterized in that the thyristor (4) is adapted to control 
the current supply to the device (3) suited for power con- 
sumption. 

5. An electric power plant according to claim 4, 
characterized in that the thyristor (4) is triac-connected. 

6. An electric power plant according to claim 4 or 5, 
characterized in that it comprises a microprocessor (9) 
adapted to receive signals that are indicative of power 
oscillations of the power system, and adapted to deliver 
control signals to the thyristor (4) in dependence on the 
input signals, said microprocessor (9) comprising a program 
with an algorithm for said control. 
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7. An electric power plant according to claim 6, 
characterized in that the microprocessor (9) is adapted also 
to control the opening and closing of a switch (2) connected 
in parallel with the thyristor (4) . 

8. An electric power plant according to any of claims 1-7, 
characterized in that the device (3) suited for power con^ 
sumption is an intake or ice gate. 

9. A microprocessor (9) for use in an electric power plant 
according to any of claims 1-8 and comprising a signal- 
receiving member adapted to receive signals that are indica- 
tive of power oscillations of the power system, and to de- 
liver control signals adapted to control a th^rristor (4) , 
said microprocessor comprising a program with an algorithm 
for said control, characterized in that the algorithm com- 
prises instructions as to how the thyristor (4), in depen- 
dence on the input signals, delivers current to a device, that 
is suited for power consumption and that is of a kind in 
which the power is utilized. 

10. A computer program product for use in a microprocessor 
according to claim 9 and comprising an algorithm adapted to 
process signals to deliver control signals in dependence on 
input signals, characterized in that the input signals con- 
sist of signals indicative of power oscillations of the power 
system and that the control signals consist of signals that 
control the current supply to a power-consuming device (3) 
arranged adjacent to the power plant. 

11. A method for damping power oscillations in an electric 
power plant comprising at least one generator adapted for 
supply of current to an electric power system and/or for 
preventing out-of -phase situations in such a plant, in which 
method the power oscillations are damped with a braking re- 
sistor, characterized in that a device arranged for a diffe- 
rent purpose in the plant and suited for power consuaption is 
used as a braking resistor. 
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12. A method according to claim 11, characterized in that the 
device suited for power consumption is used as a common brak- 
ing resistor for a plurality of generators. 

13. A method according to claim 11 or 12, characterized in 
that the device suited for power consumption is connected to 
the generator by means of a line provided with a thyristor. 

14. A method according to claim 13, characterized in that a 
switch connected in parallel with the thyristor is opened and 
that the thyristor, when the switch is open, controls the 
current supply to the device suited for power consumption. 

15. A method according to claim 14, characterized in that the 
15 thyristor is triac-connected. 

16. A method according to claim 14 or 15, characterized in 
that signals are delivered to a microprocessor which are in- 
dicative of power oscillations of the power system and that 
the microprocessor delivers control signals to the thyristor 
in dependence on the input signals. 
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17. A method according to claim 16, characterized in that the 
microprocessor also delivers control signals for opening and 
closing a switch connected in parallel with the thyristor. 

18. A method according to any of claims 11-17, characterized 
in that the device suited for power consumption is an intake 
gate or an ice gate. 

19. A method for rebuilding an electric power plant compri- 
sing at least one generator, adapted for supply of current to 
an electric power system, and a device suited for power con- 
sumption, characterized in that the device suited for power 
consumption is connected to the power plant in such a way 
that the device suited for power consumption functions as a 
braking resistor for the generator. 
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20. A method according to claim 19, characterized in that the 
electric power plant is rebuilt such that an electric power 
plant according to any of claims 2-8 is obtained. 
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